ABSTRACT -The objective of this study was to evaluate nutrient intake, performance, estimated methane production and carcass characteristics of steers fed diets containing three different levels of soybean grain: 0, 120 and 230 g/kg on the dry matter (DM). The study was conducted on eighteen castrated Nellore males with an average initial body weight (BW) of 370±12 kg in a completely randomized design, with three treatments and six repetitions. Intake of dry matter (DMI, kg/day) and crude protein tended to decrease linearly, and the intake of ether extract increased linearly in response to the soybean grain levels in the diet. Levels of soybean grain in the diet did not affect DMI (g/kg of BW), final average weight, average daily weight gain, feed efficiency and estimated methane production. Animals fed diets with different levels of soybean grain were not different with respect to carcass yield, loin eye area, subcutaneous fat thickness, or bone, muscle and fat ratios. Carcass characteristics and meat quality were also not significantly different. Replacement of soybean meal by soybean grain in the diet alters the intake of crude protein and ether extract but does not affect performance, estimates of methane production, or carcass characteristics of feedlot Nellore.
Introduction
The industry of beef and dairy has been identified as an activity that contributes to the increased emission greenhouse gases, methane being the second most problematic gas, contributing with around 15% of global warming (Leng, 1993; Moss et al., 2000) . The methane produced in the rumen is directly related to the efficiency of rumen fermentation and the consequent loss of energy in the production systems, so it may be responsible for a loss of gross energy of the food of about 2-12%, depending on the diet (Hook et al., 2010) .
However, the processes associated with ruminant nutrition represent one the few sources of greenhouse gas production that can be manipulated. This source is an attractive target for manipulation, because reduction of CH 4 is generally associated with increased productivity. An alternative that can have direct beneficial effects is the inclusion of soybean grain (high lipid) in the diet of ruminants in the fattening stage, resulting in the rumen manipulation. However, the response in performance and composition of lipids is complex and varies among diets Grainger and Beauchemin, 2011) .
The use of soybean grain, rich in unsaturated lipid supplements, can help to reduce enteric CH 4 emissions via ruminal defaunation, toxic effects on gram-positive bacteria in the rumen, especially the cellulolytic and methanogen population, or decreasing the digestibility of the dietary fibre by microbes (Harvatine and Allen, 2006) .
The intensity with which the diet can affect animal performance and reduce emissions of enteric methane is determined by the saturation degree of the added lipid, the amount of supplement, and the composition of the basal diet . According to Grainger and Beauchemin (2011) , the addition of 10.0 g of fat per kg DM in the diet reduces the emission of methane by 1.0 g per kg of DM intake by cows.
Based on this and other previously reported literature, it is our hypothesis that increased soybean grain levels in the diet of feedlot steers will not affect animal performance or carcass characteristics and will still be able to decrease rumen methane production. The objectives of this study were to determine the effects, if any, of the inclusion of soybean grain in the diet at increasing levels (0, 120 and 230 g/kg DM diet) on intake, performance, estimated methane, and carcass characteristics of steers maintained in feedlots.
Material and Methods
The protocol used in this experiment was in accordance with the Brazilian College of Animal Experimentation (COBEA -Colégio Brasileiro de Experimentação Animal) guidelines and was approved by the Ethics, Bioethics, and Animal Welfare Committee (CEBEA -Comissão de Ética e Bem Estar Animal) of FCAV-UNESP Jaboticabal campus.
Eighteen castrated Nellore males with an average age of 21 months old and an average initial body weight of 370±12 kg were used in the study. The animals were housed in stalls with cement floor, a partially covered ceiling, water trough and a single feeder for forage and concentrate. The steers required a period of 36 days to adapt to the facilities, management and diet. After the adaptation period, the steers were separated into three groups according to diet, randomly distributed in individual stalls, and confined for 78 days (three periods of 26 days). In this period intake, weight gain and estimated methane emission were evaluated. Total weight gain and average daily gain were determined at the beginning and end of the confinement period after a solidfeed deprivation for 12 hours.
The following treatments were evaluated: diet without soybean with 20 g/kg of ether extract in the DM; diet containing 120 g/kg DM of soybean ground raw with 40 g/kg of ether extract in the DM; and diet containing 230 g/kg DM of soybean ground raw with 60 g/kg of ether extract in the DM. The experimental diets (Table 1) contained 500 g/kg of forage (corn silage) and 500 g/kg of concentrate composed of citrus pulp, soybean grain, and/or soybean meal, and mineral supplement; water was supplied ad libitum.
The experimental diets were formulated to achieve a weight gain of 1.2 kg/day, according to the Cornell Net Carbohydrate and Protein System (CNCPS) version 5.0 (Fox et al., 2003) , and readjusted every 26 days according to the body weight to maintain the desired nutritional level and performance.
Animals were fed corn silage and the experimental concentrates once a day at 08.00 h. During the entire experimental period, the provided quantities were adjusted to allow for approximately 100 g/kg surplus in relation to the total consumed the previous day.
Feed refusals were removed and weighed every two days, and then grouped in periods of 26 d and placed in a freezer at −20 °C. After the experimental period, the samples were thawed and grouped per animal and per period. Subsequently, they were freeze-dried, ground (1 mm) and analysed. To estimate the nutrient intake of the animals, the samples were analysed for the following components: dry matter (DM), organic matter (OM), ether extract (EE) and crude protein (CP) in accordance with Association Official Analytical Chemists (1990); and neutral (NDF) and acid (ADFom) detergent fibre analysis was based on the procedures described by Mertens (2002) , except that the samples were weighed into polyester filter bags (porosity of 25 µ) and treated with neutral detergent in an autoclave at 110 ºC for 40 min (Senger et al., 2008) . The NDF analyses were performed by adding α-amylase without the addition of sodium sulphite (aNDFom). Acid detergent lignin (Lignin (sa)) was determined by solubilization of cellulose with sulphuric acid according to Van Soest and Robertson (1985) . The gross energy (GE) was obtained through sample combustion in an adiabatic calorimetric bomb (PARR Instruments).
Measuring methane production in animals requires complex and often expensive equipment; therefore, prediction equations are widely used to estimate methane emission. Some methane production was estimated by the equation of Ellis et al. (2007) derived from beef database models developed specifically to predict emissions (Equation 14b; Ellis et al., 2007) . Methane production (MJ/d) is predicted from the metabolizable energy intake (MEI), acid detergent fibre, and lignin: (IPCC, 1996) , which were known in the present study. Furthermore, it has a low root mean square prediction error (RMSPE) compared with other equations published in that study. The CH 4 energy was converted to mass value using the conversion factor of 0.02 kg/MJ (Brouwer, 1965) . In the experimental studies used in our database, the energy digestibility of the diet was mainly measured according to Messana et al. (2013) .
After 78 d in confinement, the animals were transported to a slaughter house. The next day, after fasting (solids) for 24 h, slaughter took place using a compressed air pistol to cause a cerebral concussion, and the animals were then bled by cutting the jugular veins and carotid arteries. After slaughter, carcasses were identified and weighed to obtain the weight and hot carcass yield. Carcass yield was calculated with the hot carcass weight and body weight ratio after fasting. After cooling for 24 h in a refrigerator at 4 °C, carcasses were weighed again to obtain the cold carcass weight. Forequarter, hindquarter and strip bone were separated and weighed to calculate the percentage in a half carcass. In the right half of the carcass, carcass length, leg length, silverside thickness, shin length and carcass width were determined according to the method described by Muller (1987) .
A perpendicular cut was made in the left half of the carcass on the longissimus muscle between the 12th and 13th ribs. A sample of beef loin was removed, and the loin eye area and carcass fat thickness were evaluated with a proper reticulated grid measured in square centimeters (cm 2 ) and a caliper ruler, respectively. A transverse section was removed from the carcass to evaluate body composition, including the 10th, 11th and 12th thoracic ribs, which were used to evaluate the physical separation of muscles, bones and fat, according to the method of Hankins and Howe (1946) .
After dissection, the following equations (Hankins and Howe, 1946) Samples of beef loin taken from the 12th rib, approximately 2.5 cm thick, were vacuum-packed and cooled for analysis of qualitative characteristics. Meat and fat colour, pH, water-retention capacity, tenderness (shear force) and liquid loss upon cooking were analysed in the laboratory.
The pH was measured in the muscular portion of meat with a digital meter. Meat and fat colour were determined with a portable colorimeter, which considers lightness (L*) and a* and b*, which are chromaticity coordinates. The axis from -a* to +a* varies from green to red, while the axis from -b* to +b* varies from blue to yellow; higher values indicate better colour saturation. Thirty minutes before measuring colour at different locations in the meat, a transversal cut was made in the muscle to expose myoglobin to oxygen (Abularach et al., 1998) . Water-retention capacity was obtained from the weight of a meat before and after 10 kg of pressure was applied for 5 min.
To calculate the loss of water by cooking, the pieces of beef were baked in an industrial electric oven at 175 °C until reaching 70 °C in their geometric centre (Abularach et al., 1998) . The weights of the meat samples before and after cooking were used for the calculations of total losses. After cooling the baked samples, four cylinders were removed from the meat with a leaker to determine the force needed to transversally cut each cylinder using a Texture Analyser instrument (TA-XT2i) attached to a Warner Bratzler blade. The average force of the four cylinders was calculated to represent the texture or shear force of each piece of beef (Abularach et al., 1998) .
The experimental design was completely randomised using the 18 animals, three treatments and six replications. The initial body weight was used as a covariate for the statistical analyses. The mathematical model was represented by:
Y ij = µ + t i + iw j + e ij , in which Y ij = observation of animal j subjected to treatment i; µ = overall mean, t i = effect of treatment i (i = 1, . . .,3); iw j = initial weight of animal j; and e ij = residual experimental error. The statistical analysis was conducted using the GLM procedure of SAS (Statistical Analysis System, version 9.1). The treatment means were compared using the Tukey test at a significance level of α = 0.05.
Results
The dry matter intake (DMI, kg/day) and crude protein decreased linearly and the intake of ether extract increased linearly (P<0.001) in response to the increasing participation of soybean grain in the diet. However, dry matter and other nutrients intakes expressed as g/kg BW were not influenced (P>0.05) by the level of soybean grain in the diet (Table 2) . Alternatively, the intake of dry matter (kg/day) was lower in cattle fed diets containing 120 and 230 g/kg soybean grain. However, the differences between diets disappeared when these variables were expressed in g/kg of BW.
There was no effect (P>0.05) of inclusion of soybeans in the diet on the slaughter weight, average daily gain, feed efficiency, or initial and final weights. Emissions of methane (Table 3 ) expressed in: g/day, kg/year, CH 4 g/kg of DM, energy lost as methane (% of gross energy intake) and the efficiency measured as kilograms of CH 4 produced relative to kilograms of meat produced did not differ among the treatments.
The hot carcass yield, loin eye area, subcutaneous fat thickness, cooling losses, yield of forequarter, hindquarter and side cut (Table 4 ) and qualitative characteristics of meat (Table 5) , including water loss upon cooking, were not significantly different (P>0.05) among diets. Furthermore, differences in tenderness, measured by the shear force (SF), were not observed.
Discussion
We evaluated the influence of replacing soybean meal by soybean grain on the intake, performance and methane emission of Nellore steers finished in feedlot. The energy is determined by the amount of high-calorie feed that animal consumes, while the intake of low-quality and low-energeticdensity feed is determined by the physical capacity of the gastrointestinal tract (Mertens 1994) . Thus, the diets with different levels of soybean grain (lipid contents 20, 40 and 60 g/kg DM) displayed similar energetic densities, and no difference was observed in nutrient intake (4.2, 4.3 and 4.4 Mcal/kg, respectively). Effects of unsaturated fatty acids (UFA) on the satiety centre can also cause a reduction in dry matter intake (DMI). The soybean grain is rich in UFA (Mcniven et al., 2004) , which can cause an increase in the flow of UFA to the small intestine (SI). Approximately 200 g/kg of UFA ingested by ruminants move to the SI without undergoing complete biohydrogenation (Martinez Marín, 2007) . However, the UFA flow to the SI depends on the source of lipids and the composition of the diet (Jordan et al., 2006) . However, the soybean grain content, when expressed in g/kg body weight (BW), did not affect intake by cattle in this study.
Several factors may affect the intake of dry matter and nutrients in diets with lipid concentrations above 50 g/kg (Cenkvàri et al., 2005) . The results of the present study indicated that there was no significant difference in dry matter intake in relation to body weight (25.3, 24.6, and 24.2 g/kg BW for 0, 120 and 230 g/kg soybean grain, respectively).
Some results indicate that DM intake is a complex variable that can be affected by several factors including the type of animal, diet and feeding and weather conditions (Hristov et al., 2005) . The observed differences in dry matter intake (kg/day) due to the concentration of soybean grain in the diet of steers did not affect the daily average weight gain, feed efficiency or feed conversion.
According to Mertens (1994) , 60 to 90% of animal performance is due to dry matter intake, while 10 to 40% is attributed to variations in digestibility. Physical and chemical characteristics of feed and interactions among factors have a significant effect on the dry matter intake. The observed differences in dry matter intake in kg/day were caused by variations in weight among animals, as an increase in soybean grain levels did not alter their performance.
Average daily gain was higher than expected (1.40 kg/day), confirming that an increase in lipid content in the soybean grain did not affect weight gain. The diet used in this study was formulated for a weight gain of 1.20 kg/day, with an average dry matter intake of 23.0 g/kg of body weight. The high dry matter intake observed in this study (25.0 g/kg BW) was likely responsible for the high weight gain. Paulino et al. (2002) supplied steers with diets containing whole cottonseed, soybean meal and ground soy grain and did not observe any differences in weight gain. The observed average daily gain was 1.07 kg, which is lower than the average daily gain found in this study. Diets containing soybean grain or soybean meal did not affect performance because they possessed the same energetic value. This result is similar to the results from the present study, where different concentrations of lipids did not alter performance because the diets provided similar amounts of energy. Souza et al. (2009) evaluated the performance of feedlot steers of four distinct genetic groups receiving diets with different levels of fat (low-fat, 31.5 g/kg ether extract, or high-fat diet, 72.8 g/kg ether extract). The average daily gain and dry matter intake by Nellore were 1.10 kg/day and 22.00 g/kg BW, respectively, and no differences between diets were observed. Furthermore, the results in the aforementioned study were lower than in the present study. These results may be related to the age and body weight of animals, which were lower than in the present study (17 months and 227 kg, respectively).
According to Owens et al. (1993) , young cattle have better feed conversion (kg DMI/kg BW) and feed efficiency. As the animal approaches maturity, muscular tissue development declines, and an increase in fat deposition occurs, reflecting deteriorating feed conversion and weight gain. Thus, the initial age (21 months) and body weight (370 kg) were responsible for the higher feed conversion in this study.
As previously mentioned, performance is a response to ingestion and digestion of diet. In a metabolism experiment conducted by Messana et al. (2013) , digestibility, intake and performance were not affected by the concentration of lipids in the diet (20, 40 and 60 g/kg DM). Thus, no reduction in intake or metabolic changes caused by elevated soybean grain (lipid concentrations) in the diet was observed. We expected methane reduction in response to soybean grain inclusion in the diets, since Beauchemin et al. (2008) , in a review of 17 studies, reported a reduction in entericmethane emissions (5.6% per 1% added fat) for cattle and sheep. However, a meta-analysis (Eugene et al., 2008) showed that the decrease in methane emission caused by feeding fat to dairy cows was associated with a decrease in DMI.
In this study no difference in intake due the addition of soybean grains in the diet (increasing levels of lipids) was found. Thus, we believe that there was no toxic effect of the increase in long-chain fatty acids in the diet on gram-positive bacteria and protozoa in the rumen population. Thus, there was no declination in the supply of H 2 to the methanogens related to propionate production and/or decrease in protozoa population which are producing H 2 . This fact was proved in a study conducted by Messana et al. (2013) , who found no effect of the same levels of lipid on the digestibility, protozoa count and ruminal parameters.
The observed methane emission of 6.5% GE intake is within the expected range according to Martin et al. (2007) . According to these authors, methane losses remain relatively constant in the diets containing 30% to 40% concentrate (6% to 7% of GE intake) and then rapidly decrease to low levels (2% to 3% GE intake) in diets containing 80% to 90% concentrate. However, a sole change in the lipid content in response to the soybean grain inclusion in the diet was not enough to mitigate this gas, because the animal metabolism was not modified (Messana et al., 2013) .
Carcass yield, loin eye area and subcutaneous fat thickness were homogeneous; no significant differences were observed among the treatments. Similar results were reported by Oliveira et al. (2009) , who did not observe significant differences in the carcass yield of Nellore steers fed a diet containing 46 g/kg DM lipids (600 g concentrate/ kg diet) as compared with those fed 35 g/kg DM lipids (400 g concentrate/kg DM), for which an average carcass yield of 53.17 kg/100 kg BW was obtained.
In the present study, the average carcass yield was 53.17 kg/100 kg BW, which is similar to the results obtained by Paulino et al. (2002) , who did not find differences in the carcass yield and hot carcass weight of animals fed whole soybean, soybean meal or whole cottonseed.
Carcass yield and slaughter weight are important because they determine the market value in Brazil. However, carcass length and loin eye area can be used to determine the value of carcasses because they are positively correlated with the yield of high-value cuts.
Carcass development, carcass length, leg and shin length, carcass width, silverside thickness and shin perimeter were not significantly different between treatments (P>0.05) because these characteristics are related to the slaughter weight of the animals. Similarly, Prado et al. (1995) did not observe significant differences in carcass weight (215.0 and 207.8 kg) and carcass yield (53.3 and 52.2 kg/100 kg BW) in cattle fed a diet supplemented with 150 or 300 g/kg whole cottonseed. The carcass yield obtained in the present study was similar to those observed by Prado et al. (1995) , who evaluated Nellore steers with an average age of 26 months and average body weight of 400 kg.
The average subcutaneous fat thickness (SFT) of the steers was 7.13 mm. Although no significant differences were observed (P>0.05) among treatments, the cattle fed a diet with a lower lipid content (20 g/kg DM) showed a 3.16% reduction in SFT as compared with those fed a diet containing 60 g/kg DM lipids. The average subcutaneous fat thickness observed in the present study was 5 mm greater than the minimum required by slaughterhouses (Aferri et al., 2005) .
On average, the loin eye area was 68.5 cm 2 , and no differences were observed between treatments (P>0.05). These values were higher than those obtained by Vaz et al. (2001) , who evaluated confined, castrated and intact Nellore bullocks (52.20 cm 2 ) with weights varying from 399.0 to 425.0 kg. Disparities between studies were caused by differences in physiological maturity, animal size, gender and the energetic density of the diet.
The market requires SFT values in the range of 3.0 to 6.0 mm; thus, the average SFT in this study (7.13 mm) is greater than market standards. A high fat content is undesirable because it lowers the yield of edible meat and must be trimmed before sale. According to Luchiari Filho (2000) , there is a negative correlation between the thickness of overlaying fat and the amount of edible meat because a thicker layer of overlaying fat decreases the LEA.
The shear force values observed in this study were lower than those described by Abularach et al. (1998) , who observed an average SF of 6.7 kg/cm 2 for Nellore animals slaughtered between 23 and 29 months of age. According to Belew et al. (2003) animals fed 400 g concentrate/kg diet to 4.67 kg/cm 2 in animals that received 600 g concentrate/kg diet, which are similar to the results obtained in this study.
In this study, animals younger than 25 months old at the time of slaughter were evaluated. However, the fat cover of Nellore steers carcasses was greater than 6 mm, and the fat distribution across the carcass was homogenous. Thus, factors other than enzyme activity in muscle may have affected meat tenderness.
The total loss, dripping loss, evaporation and waterretention capacity (WRC) of the carcasses were not significantly different (P>0.05) among the diets, and the observed values were appropriate. Oliveira et al. (2009) observed an average WRC of 73.39 g/kg meat for confined Nellore cattle, which corroborates the results of this study and is consistent with the generalisation that younger animals have a higher proportion of water in their muscle.
The average pH observed in this study was 5.61, and no differences in pH were observed (P>0.05) among the diets. As described by Abularach et al. (1998) , pH values between 5.40 and 5.60 are normal for beef; thus, the pH of rib loins derived from different treatments were acceptable and contributed to the intensity of a* and b*. According to Fernandes et al. (2009) , meat may appear dark at a pH greater than 6.00, due to an increase in enzymatic activity and water retention and a decrease in oxygen penetration. A pH of 6.00 is considered the border between normal cuts and dark cuts. Slaughterhouses in Brazil only export meat with pH lower than 5.80, evaluated at 24 hours post-mortem in the longissimus muscle.
The meat colour analysis displayed an average lightness (L*) of 37.70, and no differences in red (a*) and yellow (b*) intensities were observed (P>0.05) among the diets. Fernandes et al. (2009) observed a lightness of 31.31 in the meat from confined Nellore steers, which is similar to values obtained in the present research. They also stated that the lightness and colouration of the meat are directly related to the pH value after cooling. In this study, the pH values remained within the ideal limits, and the L*, a* and b* characteristics presented values considered normal.
Conclusions
The substitution of soybean meal for soybean grain in diets for feedlot Nellore steers has no detrimental effects on their intake, performance or carcass characteristics. Methane production is not affected by addition of soybean grain to the diets, while the intakes of ether extract and crude protein change.
